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METHOD FOR OPERATING AN INTORNAL COMBUSTION ENGINE 



Related Art • t, 

T,,epresen.inv.n«onrela«s.oam«hodfo.ope,ad«g^in.ama.oon.bus.,o„e„gmcha^^ 

a. .eas. one triggcrable intake valve and a. >eas. one «iggerab,e discharge valve, m wtaoh *e 
internal combnation engine is direetly s«r«d in a s«.-np operating mode and, after .he s.a«. 
5 isopera.edinatleas.oneo«heroperatingn,ode.F„nhem,ore,,hepresen.invenUonre,a,es.o 

an intend eonrbnsHon engine having a. least one triggerable intake valve and at least one 
ttiggerable discharge valve, which is started directly in a start-up operating mode and .s 
operated in at least one other operating mode after the start. 

10 Furthermore, the present invention relates to a con«x>l device for a generic internal 
combustion engine as well as a computer program for toe contix,l devce. 

The principle of adireo. star, of intemal combustion engines. i.e., the starting of the internal 
combustion engine without electrical starts or similar device, is already known ftom the 



15 related art. 



TO allow a reliable direct start-up of an internal combustion engine torn standstill, fuel must 
be injected into theparticular combustion chamberofacylinderoftheintemalcombustion 

engine that happens to be in a power stroke at that time. h. U>e subsequent i^aition of the 
20 inJec.edfitel.thepressureinthecylinderrisesanddrivesapis.onof.hecylinder.wh.ch 

outputs action via a crankshaft. 

I. is fte objective of tite present invention U> further develop a generic operating memod as 
well as an intemal combustion engine and a control device for it. in such a way that a s.mp.e 
25 and reliable direct stari-up of die intemal combustion engine .s ensured. 

According to the present invention. tt.is objective is achieved m an operating metirod of |he 
.^e men.ioned a. d,e outset m that a s«r.ing discharge instim. of toe discharge valve, whrch 
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is used during the 'start-up operating mode for the discharge of waste gases of the internal 
combustion engine, is time-retarded relative to a standard discharge instant used during the 
additional operating mode(s), and/or in that a closing instant of the intake valve for the 
aspiration of fresh gas used during the start-up-operating mode is time-retarded with respect 
5 to a standard closing instant used during the additional operating mode(s). 

Retarding the starting discharge instant according to the present invention relative to the 
standard discharge instant has the result that the combustion energy released during the first 
combustion in the direct start-up of the internal combustion engine is able to be converted 
10 into mechanical action in a more optimal manner, the mechanical action being able to be 
utilized to start the intemal combustion engine. This will ensure that the largest possible 
portion of the combustion energy is used to start the intemal combustion engine. 

Another positive effect resulting in the operating method according to the present invention is 
15 the lowering of a compression pressure in a combustion chamber of the individual cylinder of 
the intemal combustion engine. This lowering results from the reduced air requirement 
caused by the retarding of the closing instant of the intake valve in the start-up operating 
mode. 

20 The retardation of the starting discharge instant according to the present invention, together 
with the retardation of the closing instant, is able to be utilized in the start-up operating mode. 
It is also possible to utilize either only the retardation of the starting discharge instant or the 
retardation of the closing instant in the start-up operating mode. 

25 In the case of valve-gear systems having camshaft(s), the present invention proposes that the 
retardation be implemented by adjusting a discharge-camshaft that triggers the discharge 
valve and/or an intake-camshaft that triggers the intake valve. According to an additional 
specific embodiment of the operating method of the present invention, phase actuators, in 
particular, are used to adjust the camshaft(s). In this context, it is also conceivable to 

30 simultaneously trigger an intake camshaft and a discharge camshaft using one phase actuator. 

Another specific embodiment of the present invention provides that, as an alternative to the 
phase actuator or in parallel thereto, a valve-gear system that influences the opening time of 
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the intake valve/dfscharge valve be used to adjust the intake camshaft and/or the discharge 
camshaft. 

Another, very advantageous specific embodiment of the present invention provides that the 
5 intake camshaft and/or the discharge camshaft be akeady adjusted for a subsequent start in 
the start-up operating mode upon deactivation of the internal combustion engine. This 
dispenses with the requirement of adjusting the camshaft(s) inmiediately prior to the next 
start. 

10 According to another specific embodiment of the method according to the present invention, 
the intake valve and/or the discharge valve are/is triggered by a camhaft-free valve-gear 
system, i.e., in an electromagnetic or hydraulic manner, for example. The retardation of the 
starting discharge instant and the closing instant according to the present invention is also 
possible thereby and may generally even be realized at a lower mechanical effort. 

15 

Another, very advantageous specific embodiment of the method according to the present 
invention provides for a valve lift of the intake valve or the discharge valve to be varied, 
which makes it possible to further improve the direct-start characteristics of the internal 
combustion engine. 

20 

Another specific embodiment of the present invention in which the retardation is reduced in a 
stepwise manner with increasing rotational speed of the intemal combustion engine, is very 
advantageous as well. It is also possible to deactivate the retardation once a predefinable 
minimum speed of the intemal combustion engine has been exceeded, that is to say, without a 
25 stepwise reduction. 

As a fixrther achievement of the objective of the present invention, it is proposed for a generic 
intemal combustion engine and for a generic control device that a starting discharge instant of 
the discharge valve, which is used during the start-up operating mode for the discharge of 
30 waste gases of the intemal combustion engine, be time-retarded relative to a standard 

discharge instant that is used during the additional operating mode(s), and/or that a closing 
instant of the intake valve, which is used during the start-up operating mode for the aspiration 
of fi-esh gas, be time-retarded relative to a standard closing instant that is used during the 
additional operating mode(s). 
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O Ml 

As an additional further achievement of the object of the present invention, a computer 
program for a generic control device is provided as well. 

5 Further features, possible applications and advantages of the present invention result from the 
following description of exemplary embodiments of the present invention, which are 
illustrated in the figures of the drawing. In this context, all of the features described or 
illustrated form the object of the present invention alone or in any desired combination, 
independently of their summarization in the patent claims or their antecedents and 
10 independently of their formulation or illustration in the description or in the drawing, 
respectively. 

The figures show: 

Figures 1 through 8 in each case a valve-trigger diagram according to a specific embodiment 
15 of the present invention; 

Figure 9 a state diagram of a specific embodiment of the method according to the present 
invention; and 

20 Figure 10 a schematic illustration of an internal combustion engine according to the present 
invention. 

Figure 10 shows an internal combustion engine 1 of a motor vehicle in which a piston 2 is 
able to be moved back and forth in a cylinder 3. Cylinder 3 is provided with a combustion 
25 chamber 4, which is delimited, among others, by piston 2, a triggerable intake valve 5 and a 
triggerable discharge valve 6. The triggering of intake valve 5 and discharge valve 6 is 
implemented via electromagnetic actuators, which are not shown in Figure 10, thereby 
allowing a flexible adjustment of the intake and discharge instants. Coupled to intake valve 5 
is an intake manifold 7, and coupled to discharge valve 6 is a discharge pipe 8. 

30 

In the region of intake valve 5 and of discharge valve 6, a fuel injector 9 and a spark plug 10 
project into combustion chamber 4. Fuel is able to be injected into combustion chamber 4 via 
injector 9. The fuel in combustion chamber 4 may be ignited by spark plug 10. 



NYOl 1006529 vl 



A rotatable throttle valve 1 1 through which air may be supplied to intake manifold 7 is 
disposed in intake manifold 7. The supplied air quantity is a function of the angle setting of 
throttle valve 1 1. A catalytic converter 12, which is used to clean the exhaust gases produced 
by the combustion of the fuel, is disposed in exhaust pipe 8. 

5 

Fuel injector 9 is connected to a fiiel accumulator 13 by means of a pressure line. The fuel 
injectors of the other cylinders of intemal combustion engine 1 are connected to fuel 
accumulator 13 in a corresponding manner. Fuel accumulator 13 is supplied with fuel via a 
supply line. A fuel pump, which is suitable to generate the desired pressvure in fiiel 
10 accumulator 13, is provided for this purpose. 

Furthermore, a pressure sensor 14 by which the pressure in fuel accumulator 13 is able to be 
measured is also arranged on fuel accumulator 13. This pressure is the pressiu-e exerted on the 
fiiel and which is therefore used to inject the fuel into combustion chamber 3 of intemal 
15 combustion engine 1 by means of fiiel injector 9. 

During operation of intemal combustion engine 1, fiiel is supplied into fuel accumulator 13. 
This fuel is injected into associated combustion chambers 4 via fiiel injectors 9 of the 
individual cylinders 3. The injected fuel quantity is essentially a function of the injection time 
20 and the fuel pressure in fuel accumulator 13. 

With the aid of spark plugs 10, combustions are generated in combustion chambers 3 by 
which pistons 2 are set into a back-and- forth motion. These movements are transmitted to a 
crankshaft (not shown), where they exert a torque. 

25 

A control unit 15 receives input signals 16, which represent performance quantities of 
intemal combustion engine 1 measured by sensors. For instance, control device 15 is 
connected to pressure sensor 14, an air-mass sensor, an engine-speed sensor and the like. 
Moreover, control unit 15 is connected to a driving-pedal sensor, which generates a signal 
30 indicating the setting of a driver-operatable driving pedal and thereby indicates the torque 

that is called for. Control device 15 generates output signals 17 by which the performance of 
intemal combustion engine 1 may be influenced via actuators. For example, control device 15 
is connected to fuel injector 9, spark plug 10 and the like and generates the signals required 
for their triggering. 
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Among others, control device 15 is provided to control and/or regulate the performance 
quantities of intemal combustion engine 1. For example, the fuel mass injected into 
combustion chamber 4 by fuel injector 9 is controlled and/or regulated by control device 15, 
5 in particular with respect to fuel economy and/or low pollutant generation. To this end, 
control unit 15 is equipped with a microprocessor, which has a program stored in a storage 
mediiun, in particular a flash memory, that is suitable to execute this control and/or 
regulation. 

10 Control device 15 also triggers intake valve 5 and discharge valve 6, or their electromagnetic 
actuators, in order to draw fresh air into combustion chamber 4 during an intake cycle of 
cylinder 3, or to discharge waste gas from combustion chamber 4 into discharge pipe 8 during 
a discharge cycle. The present invention provides for a special triggering of intake valve 5 
and discharge valve 6 for the direct starting of intemal combustion engine 1 (Figure 10), that 

15 is to say, without actuation by an electric starter or similar device. 

To this end, as can be gathered from the state diagram in Figure 9, intemal combustion 
engine 1 is first brought into a start-up operating mode 100 for a start from standstill 99, from 
which it transitions to idle operating mode 110 after a certain period of time. Arrow 120, 
20 drawn in as a dashed line in Figure 9, together with the four dots in the right half of the state 
diagram, indicates that intemal combustion engine 1 (Figure 10) may assume even more 
operating modes once idle operating mode 110 has been attained, prior to being deactivated 
in step 199, if appropriate. 

25 For the purpose of illustration, the time characteristic of a triggering of intake valve 5 and 

discharge valve 6 may be plotted over the crank angle, denoted by KW. Such an illustration is 
also known as valve-trigger diagram or as valve-lifl cvirve. 

Figure 1 shows such a valve-trigger diagram for a first specific embodiment of the present 
30 invention; here, the left part of the solid curve, which extends between approximately 170° 
KW and 370*^ KW, is assigned to discharge valve 6, whereas the right part of the solid curve, 
which extends between approximately 350° KW and 560° KW, is assigned to intake valve 5. 
In the additional valve- trigger diagrams of Figures 2 through 8, the left side of the curve of 
the particular valve-trigger diagram is also always assigned to discharge valve 6 and the right 
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part of the curve to intake valve 5. This corresponds to a portion of a regular working cycle of 
internal combustion engine 1 (Figure 10) in which. foUowing a combustion (not shown) of an 
air-fuel mixture in combustion chamber 4 of cylinder 3 (Figure 10), the exhaust gas is 
discharged via discharge valve 6 and fresh gas is then drawn in through intake valve 5. 

The solid curve in Figure 1 represents a conventional triggering of discharge valve 6 and 
intake valve 5, as it occurs in idle operating mode 1 10 (Figure 9), for instance. 

In contrast to a conventional triggering, the present invention provides for the discharge 
mstant to be retarded in the first specific embodiment according to Figure 1 . This is 
symbolized by the dashed curve in Figure 1, which represents a triggering of discharge 6 
according to the present invention and is shifted, i.e., retarded, by approximately 20° to 30° 
KW compared to the conventional triggering. In addition, the retardation according to the 
present invention is illustrated clearly by the two arrows shown in Figure 1 . 

The afore-mentioned values of the crankshaft angle for the retardation according to the 
present invention are exemplary values, which may vary considerably depending on the 
internal combustion engine, the ambient conditions and the like. This also appUes to all other 
crankshaft-angle values mentioned or illustrated, without restricting the universality. 

The retardation according to the present invention results in a better conversion into 
mechanical action of the combustion energy that is released during the first combustion in a 
direct start of internal combustion engine, which may be utilized for starting internal 
combustion engine 1. 

According to another specific embodiment of the present invention, a similar effect may also 
be achieved by shortening the discharge phase. In this case, discharge valve 6 (Figure 10) is 
opened for a shorter period of time compared to idle operating mode 1 10 (Figure 9), for 
instance. The triggering required for the shortened discharge phase may be gathered from the 
• dashed curve in Figure 2 where the curves associated with a conventional triggering are once 
again drawn in as a solid line. In contrast to the previous specific embodiment of the present 
invention, the end of the discharge phase, shortened according to the present invention, 
coincides in time with the end of the conventional discharge phase. This method variant may 
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also be us^d for internal combustion engines that allow a variation of only the opening 
durations of intake/discharge valves 5, 6. 

Figure 3 shows another method variant in which a closing instant of intake valve 5 is retarded 
5 with respect to the standard closing instant used in idle operating mode 110, for instance. The 
retardation of the closing instant according to the present invention results from a shifting of 
the triggering of the intake valve 5, symbolized in Figure 3 by arrows pointing to the right, 
such shifting once again being drawn in as a dashed line. 

10 The shifting of the closing instant of intake valve 5 provided by the present invention lowers 
the compression pressure prevailing in combustion chamber 4 of intemal combustion engine 
1, thereby also facilitating a reliable direct start of intemal combustion engine 1. 

An additional method variant according to the present invention, in which a retardation of the 
15 closing instant of intake valve 5 results, is shown in Figure 4 and characterized by an 
extended opening duration of intake valve 5 compared to idle operating mode 110, for 
example. This method variant is also able to be used for intemal combustion engines that 
allow a variation of only the opening duration of intake/discharge valves 5, 6, but no 
adjustment of a triggering phase of intake/discharge valves 5, 6. 

20 

An additional advantageous method variant is shown in Figure 5 in which both the triggering 
of discharge valve 6 and the triggering of intake valve 5 are time-retarded with respect to idle 
operating mode 110, for example. 

25 The same effects are also achieved in the variants of the present invention according to 
Figures 6 through 8, which each represent a different combination of the afore-discussed 
method variants. 

In this context, the valve-trigger diagram from Figure 6 shows a combination of the method 
30 variants of Figures 2 and 4, i.e., in the triggering according to the valve-trigger diagram of 
Figure 6, discharge valve 6 (Figure 10) is opened for a shorter period of time compared to 
idle operating mode 110 (Figure 9), for example, and the opening duration of intake valve 5 
is simultaneously prolonged compared to idle operating mode 110, for instance. 
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The variant shown in Figure 7 is distinguished in that the triggering of discharge valve 6 is 
shifted, i.e., retarded, by approximately 20° to 30"" KW compared to the conventional 
triggering and in that the opening duration of intake valve 5 is extended simultaneously 
compared to idle operating mode 110. 

5 

The valve-trigger diagram in Figure 8 shows yet another specific embodiment of the present 
invention in which the discharge phase is shortened and in which the closing instant of the 
intake valve is simultaneously retarded compared to idle operating mode 1 10 in that the 
triggering of intake valve 5 is shifted relative to the conventional triggering. 

10 

The three last-named variants of the valve triggering according to Figures 6 through 8 also 
contribute to a reliable direct start-up of internal combustion engine 1 , 

In general, the retardation of the starting discharge instant and/or the closing instant 
15 according to the present invention, used during start-up operating mode 100, is realizable in 
all intemal combustion engines having camshaft-free valve gears. 

Moreover, the retardation according to the present invention is also achievable in camshaft- 
based valve-gear systems, for example by the use of phase actuators which in each case are 
20 able to adjust an intake-camshaft or a discharge camshaft. 

Another specific embodiment of the present invention requires only one phase actuator, 
which simultaneously adjusts the intake camshaft and the discharge camshaft. A valve-lift 
curve resulting in the process is shown in Figure 5 by way of example. 

25 

In another specific embodiment of the present invention, which is based on an adjustment of 
the camshaft(s), the intake camshaft and/or the discharge camshaft are/is already adjusted 
during a deactivation 199 (compare Figure 9) of intemal combustion engine 1 for the 
subsequent start of intemal combustion engine 1 in start-up operating mode 100, so that the 
30 adjustment of the camshaft(s) required to retard the starting discharge instant and/or the 
closing instant of intake valve 5 according to the present invention, used during start-up 
operating mode 100, will not have to be implemented as late as at the next start of intemal 
combustion engine 1 . 
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Depending on the means utilized to achieve the retardation according to the present 
invention, it is possible to adjust a retardation that has a reducing effect with increasing 
rotational speed of internal combustion engine 1, or an abrupt deactivation of the retardation 
once a predefinable minimum rotational speed of internal combustion engine 1 has been 
exceeded. 

A combination of equivalent or different phase actuators, for example a series connection of a 
vane-type phase actuator known from the related art having a likewise known chain adjuster 
is also conceivable to realize the adjustment range required for the individual system. 

Furthermore, in an additional specific embodiment of the present invention, the combination 
of one or a plurality of the afore-mentioned methods with a variation of the valve lift of 
intake valve 5 and/or discharge valve 6 is provided, which results in a further improvement of 
the direct start-up characteristics of intemal combustion engine 1. 

Although the method according to the present invention is especially suited for the use in 
intemal combustion engines having direct injection, it is also conceivable to utiUze the valve 
triggering according to the present invention in intemal combustion engines having different 
injection systems. 
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